Abstract. Mutual effects between Mn. Ca, and Mg were studied during steady-state absorption experiments with excised barley roots. Calcium appeared to enhance the rate of Mn absorption; whereas, Mg had a highly depressive effect. The combination of both Ca and Mg was even more inhibitory to Mn absorption than Mg alone. Manganese had no effect on the usual negligible Ca absorption by this tissue, but effectively inhibited the absorption of Mg. Although divalent cation absorption from the Ca-Mg-Mn system was essentially nil, K absorption was greatly stimulated in the presence of these cations.
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These mutual effects and others reported in the literature are explained by the hypothesis that selectivity in ion absorption results from cation-induced conformational changes in the structure of the carrier molecule.
In a previous paper (10) , evidence was presented for the metabolic transport of Mn into excised barley roots. Absorption was relatively rapid and was affected bv concentration, pH, etc., much as that of other inorganic cations. To further study the mechanism of Mn absorption and its similarities to that of other metabolically absorbed cations, the influence of several monovalent, divalent and trivalent cations on the absorption of Mn was examined. The effects of 2 of these cations, Ca and Mg, are discussed here.
The role of Ca in regulating the absorption of ions is well recognized. Its effects on the uptake of the monovalent, al,kali cations range from highly stimulatorv to strongly inhibitory, depending on the ion and the H+ concentration (8) . Furthermore , Ca has been found to be highly effective in controlling the relative selectivity of absorption of these ions from mixed solutions (4, 7) . The effect of Ca onl the absorption of divalent cations is also diverse. Whereas Ca and Sr are generally considered to be mutually competitive (5) , the marked inhibition of Mg absorption by Ca was shown to be non-competitive (15 
Materials and Methods
Excised roots of 5-day-old barley seedlings (Hordeum zulgare L., var. Trebi) were used in all experiments. The planits were growwn and the roots were prepared and treated as described previously (10) . The experimlental temperature was 25 ± 0.50 and the pH was 5.0 ± 0.2 maintained by small additions of 0.1 N HCl. Distilled water and analvzed reagent-grade chloride salts were used in all experiments. Absorption periods of 1 and 6 hr were chosen oIn the basis of the previous work so that rates of metabolic absorption occurring during the steady-state phase could be measured (10 (table II) . Even a concentration of the interfering ion only one-tenth that of the ion studied substantially depressed the absorption rate. It is interesting that at equal concentrations of these 2 ions in mixedsalt solutions, Mn absorption considerably exceeded that of Mg.
These results also reveal a striking similarity between the effects of Ca and Mn on the absorption of Mg by excised barley roots. A comparison of table I with the results of Moore. Overstreet, and Jacobson (15) shows that these 2 ions were equally effective in inhibiting Mg absorption. Parallel effects were also found in the response of Mg to As all of the above data were obtained at pH 5, it seemed advisable to evaluate the Ca-Mg-Mn interaction at other H+ concentrations. The importance of the hydrogen ion in interrelationships between ions was demonstrated by Jacobson, Moore and Hannapel (8) . An experiment was designed to study the effects of Ca and Mg individuallv and together on the absorption of Mn in the pH range of 4 to 7. Although the data obtained at pH 7 are open to question due to possible precipitation of Mn in the ambient solution (10) , the data were included to give some indication of the relative effects of the treatments (Fig. 1) . As found previously (10), Mn absorption increased rapidlv with decreasing H+ concentration up to pH 6 (Fig. 1) . In the presence of Mg. Mn absorption was also pH dependent; however, the effect of pH was greatly reduced as Mg had an even greater relative inhibitorv effect at pH 6 than at pH 5. Unlike the results in tables II and III, the stimulatory Ca effect was not evident in this experi- (table II) . The contrasting effects of Ca and Mg were also emphasized in studies of Li absorption (7, 8 While this hypothetical mechanisnm is based a priori on the existence of carriers, evidence for such mem;brane components is accumulating. Pardee (16) , in summarizing the current status of such research, has reported the isolation and crystallization of a sulfate-binding protein that is strongly implicated in sulfate transport in bacteria.
